For in vivo models, the composition of the flora and its metabolic activity are described, whether in the case of a homologous flora or a heteroxenic model.
The value of these models is demonstrated by some examples, with reference to the degree of conservation of the original ecosystem, and whether they throw light on its functioning.
For in vivo models, the composition of the flora and its metabolic activity are described, whether in the case of a homologous flora or a heteroxenic model.
In vitro interactions in a chemostat containing certain strains, or inoculated with a complex mixture of pure strains, are compared with interactions occurring in vivo.
Mathematical models of actual in vitro and in vivo systems are presented, together with the criteria which make it possible to assess their plausibility.
It may be concluded that the use of heteroxenic animals permits the study of bacterial populations, that the use of continuous culture facilitates an understanding of the metabolism of bacteria of the microflora, and that mathematical models make it possible to comprehend the mechanisms involved in a microbial ecosystem.

INTRODUCTION
Is it feasible to study the microbial ecology of the intestine ? Is there a prospect of unravelling the mechanisms which control interactions between the hundreds of species which make up a flora (41) , and host-bacteria relationships? At first sight it would appear impossible to study relationships between millions of microscopic organisms, many of which have not yet been described or cultured (35) , in a site which is difficult to reach and difficult to simulate because of the special physico-chemical conditions prevailing. Moreover, certain ecologists contest the applicability of the classical techniques of microbiology, such as counting colonies on agar medium, preparation of pure or binary cultures, and taxonomic studies (3) . Finally, in many experiments aimed at reproducing in vitro a particular reaction observed in vivo between two strains of bacteria, the way in which one strain inhibits another may differ in vitro and in vivo (5, 20) , despite certain exceptions (such as the inhibition of a Clostridium by bacitracin synthesised by a Bacillus) (12) .
However, sufficiently complex experimental models are now available for simulating events which occur in situ, and these models are sufficiently isolated to enable metabolism or mechanisms to be studied. An understanding of interactions within the intestine can sometimes be achieved only by mathematical modelling of the multiple factors which interact, and by numerical, computerised simulation of the differential equations obtained in this way. This review will provide some examples of these experimental and theoretical models for studying microbial ecology of the intestine.
CLASSIFICATION OF EXPERIMENTAL MODELS
The experimental models for studying the digestive microflora in vivo and in vitro range from complex to simple. These include:
1. Human beings or ordinary animals, provided with a means of isolating part of the gut contents, by sachets (16), filter (9), capsules containing a gel (38) , re-entrant cannula (22) or ileostomy (28) . The most widely used and also the simplest procedure is to collect faeces, which serve as the basis for a model.
Heteroxenic animals.
An axenic animal (free from bacteria, kept in an isolator) can be inoculated with a complex flora of unknown composition. This flora may be homologous (coming from the same species of animal) or not. In the latter case of heteroxenic models, a widely used example is the heteroxenic rodent harbouring a flora of human origin (1, 7, 15, 30) . Advantages of this model are (i) the animals are isolated from environmental bacterial contamination, (ii) the animals can be given toxic substances or pathogenic strains (which cannot be done in human beings), (iii) it is possible to keep a large number of animals having the same flora and (iv) the animals can be killed in order to examine different parts of the digestive tract. The main disadvantage of this approach is the difficulty of proving that the flora in the animal model is the same as that of the donor, as we shall see below. It may be assumed that the microflora will change as a result of changing hosts, particularly in response to differences in secretions, feeding, immune reactions and attachment sites.
3. A complex flora in the chemostat. This is a system for continuous culture, inoculated with a complex flora of unknown composition. Flow through the chemostat, usually induced by a peristaltic pump, mimics digestive transit and provides the bacteria with conditions for growth similar to those of the intestine, using very low concentrations of substrates which give a very slow rate of growth (which in vivo is about one division every 6 hours) (11, 17) . In this way floras of diverse origin have been maintained in vitro, often for long periods, such as the flora of mouse (20) , rat (29, 45) , pig (46) and horse (43) caecum, bovine rumen (10, 16) and human faeces (32) . In such systems it is possible to control precisely the entry into and exit from the ecosystem, avoiding host secretions and absorption. It is easy to add a particular substance, to take multiple samples and to study the effect of physico-chemical changes in the system (pH, temperature, substrates, inhibitors, renewal). It can be assumed that the initial composition of the flora will undergo changes which after a certain period of incubation will result in a microflora very different from that of the donor animal, and in this respect the chemostat differs from the heteroxenic model. In fact, bacteria in a chemostat are deprived of certain nutrients, particularly mucin (4), and are not subjected to the effects of intestinal physiology (peristaltic movements and gradients of oxygen partial pressure, for example).
4. Gnotoxenic models. Axenic animals and chemostats can be inoculated with individual strains, identified by precise characteristics. Such gnotoxenic models are described in detail in the article by Ducluzeau and Raibaud in this issue.
In some experiments the strains inoculated are assumed to reproduce the overall functions of the microflora, and in mice a hundred different strains may be inoculated (20, 24, 25) .
In other experiments, only a single function of the microflora is reproduced and studied, one which is perhaps exercised in vivo by a single pure strain (5, 13, 31) . In such cases it is not certain that the strain constituting the sole ecosystem will behave in the same way when in competition with a complex flora. Two major aspects are modified for the strain: its density when alone is much greater than when part of a complex flora, and the substrates available are not the same in a fresh culture medium, or an axenic digestive contents, as in a mixed flora. Such experiments can confirm that a strain, or a combination of several strains, is capable of assuming a given function, but they cannot confirm that the same occurs in the normal host (3). However, the relative simplicity of the procedure and the reproducibility of the results make it possible to test the effect of many parameters and, above all, to confirm that the observed effect is in fact produced by the strain under study. If possible, the results obtained should be confirmed in the normal host; otherwise, the mechanisms remain hypothetical even if they are plausible.
Static cultures
In certain cases, freshly-passed faeces are incubated in order to measure the concentration or metabolism of a substance, or the survival of an inoculum. Such incubation is relatively easy to perform under anaerobic conditions, and can provide useful information, particularly for preliminary studies. Thus the presence of certain bacterial enzymes in the intestine can be confirmed from degradation taking place in the faeces, although quantitative aspects and kinetics in vivo will remain unknown.
In other cases, a culture medium is inoculated with one or more strains. This is not a model for studying ecology, which concerns the relationships between micro organisms in their natural environment, but it is a way of studying bacterial physiology, which is another subject.
VALUE OF MODELS FOR STUDYING THE FLORA
It will be asked whether these models indeed represent reality, and also whether they teach us anything. These questions will be discussed by examining examples chosen from different models (in vivo, in vitro and mathematical), to find out if they maintain the properties of the ecosystem which they simulate, and if they provide information on the functioning of this ecosystem.
IN VIVO MODELS
Does a complex flora retain its characteristics when implanted into an axenic animal? Research has been undertaken to find out if this flora retains its same bacterial composition, and whether it has the same metabolic capacities.
Composition of the flora: equilibrium between species
The composition of the flora does not seem to change when numerous species from a given animal are transferred under strict anaerobic conditions to another animal of the same species. Freter et al. demonstrated by counting by optical microscopy (after labelling with specific fluorescent sera) that 95 pure strains from the dominant flora of ordinary mice, implanted into axenic mice, were present in the caecum in approximately the same densities as in the ordinary mice (20) . This was shown in 37 out of 95 strains. However, one strain was 40 times more numerous in the donor mice, and another was 20 times more numerous in the recipients. These authors concluded that the important fact was conservation of the overall equilibrium, for no strain disappeared, and none became dominant in the ecosystem.
The problem of maintaining a heterologous flora, originating from a species different from the recipient, has been examined by inoculating porcine or human flora into axenic mice. Ducluzeau et al. (14) compared the composition of the flora from adult pigs or piglets with that of mice inoculated with these floras, by using differential quantitative analysis based on counting the different dominant bacterial genera in deep cultures of selective agars. The piglet flora was conserved well for ten days in axenic mice given piglet feed. After this time, there were major changes in flora composition, and this also occurred when the flora from adult pigs was transferred. In every case lactobacilli, numerous in pigs, disappeared from the faeces of mice.
Hazenberg et al. (21) transferred a human flora to axenic mice. They com the floras by simple culture of the dominant bacteria (classified by morphology and Gram-staining) in anaerobic jars and by direct microscopic examination. The overall composition of the flora from heteroxenic mice was similar to that of the human donors, and it remained stable. They demonstrated that an antagonistic effect against E. coli was preserved after the change of host, and we have confirmed this (7) . Changes in human microflora upon transfer to axenic mice were also studied by Pecquet, Andremont and Tancrède (37) , who characterised the 100 dominant, strictly anaerobic strains in faeces from their morphology, and by Ducluzeau et al. (15) , using differential quantitative analysis of deep agar cultures. It was confirmed that the flora was not greatly altered by the change of host. The techniques employed, like those of Hazenberg, were rather imprecise, being incapable of detecting the replacement of a given Gramnegative rod by another, and a fortiori the changes in bacterial species or types. This research has finally proved that a genuine equilibrium between very different strains can be maintained in mice, and that the equilibrium is very different from that occurring in normal mice. It is not certain that this equilibrium is the same as occurs in the donor, whether human or animal.
Metabolic activity of the flora
In the case of a homologous flora, various research workers have tried to "normalise" axenic mice, making them comparable to ordinary mice, by inoculating a known fraction of the flora from other mice. The criteria for normalisation usually adopted are a reduction in the relative weight of the caecum, presence in the intestine of certain metabolites (volatile fatty acids), absence of compounds characteristic for axenic animals (beta-aspartyl-glycine) and an antagonistic effect towards E. coli. To date, inoculating complex mixtures of very numerous strains (about 100) has been the only way of meeting these criteria (20, 24, 25) .
In the case of heteroxenic models, there has been some research into metabolism of a human flora transferred to axenic mice and rats. Mallet et al. (30) compared the enzymatic activity of the caecal flora of ordinary rats, axenic rats harbouring a human faecal flora, and human faeces. The enzymes examined were those produced by bacteria, and the results showed that the metabolic activity of caecal contents from rats harbouring a human flora was similar to that measured in human faeces, and very different from that of ordinary rats, particularly in the case of nitrate reductase. However, bacterial density in the caecum differed from that in faeces, so the results obtained cannot be absolute without relating enzymatic activity to the number of bacteria.
Thus, as in the case of flora composition, a change of host does not seem to upset the metabolic activity of the flora, which remains more similar to that of the donor than to the ordinary rodent. It has not yet been proved that the metabolism of a human flora implanted into a rodent is the same as that of the normal human flora. Future studies should make this comparison in order to provide further support for this original model.
IN VITRO MODELS
Does a complex flora retain its characteristics under continuous culture in a chemostat? Does continuous culture provide information on what occurs in the intestine ? In fact, the results of continuous culture experiments are similar to those obtained in axenic animals. Care has to be taken over the culture conditions, which govern the degree of success of the models including strict anaerobiosis, gradual renewal of the culture medium, correct composition of the medium (insoluble cellulose elements, correct concentration of nutrients, compounds similar to mucus), and the presence of dense layers of bacteria attached to one another and to the walls of the culture vessel.
Effect on the flora of adding antibiotics
There have been numerous studies of the effect of antibiotic additives on the metabolism of the bovine rumen flora, or that of the large intestine of monogastric animals, in order to discover the mode of action of these growth factors (reviewed in: 16, 22) . Some of the experiments have used elaborate models (such as the "Rusitec") (10), and have provided useful information about the mode of action of antibiotics, but they generally make the assumption that what occurs in the model also occurs in the intestine. For this reason, they will not be discussed further at this time.
Chemostat containing two or three strains
Many experiments have been concerned with just two or three strains, and they have provided information on competition between strains under very varied conditions (of flow rate, nutrients, antibiotics), but it is hazardous to apply the findings to the behaviour of strains in vivo, and any conclusions have to be verified in vivo to avoid being erroneous. For example, Mason and Richardson (31) examined the competition between two strains of E. coli in the human intestine, where one of the strains was usually dominant, but they were unable to account for this equilibrium by using a chemostat. Each time they changed one of the parameters of the culture, the dominant strain also changed, and it was not clear which parameters were of physiological significance. Another example is provided by Lebek (26), who studied the effect of low doses of antibiotics on equilibrium within a chemostat between strains of E. coli identified by chromosomal resistance markers, some of them carrying a resistance plasmid. When the same strains were competing within the intestine of axenic mice, mutation determined the ecological success of the strains, the opposite of what occurred in the chemostat. Even in the absence of antibiotic pressure, the resistance plasmid spread rapidly by transfer, and the resistant bacteria in the intestine became dominant within a day, contrary to the in vitro findings (5).
A complex mixture of pure strains in a chemostat
In a publication already cited (20) , Freter found that the equilibrium of 95 strains implanted into the caecum of mice was upheld in continuous culture. This observation was based on direct microscopic counting of bacteria labelled with 37 fluorescent sera. Culture conditions were similar to those prevailing in vivo, particularly with regard to anaerobiosis. The ecosystem of the 95 strains was extremely stable, and the environment of each bacterium was determined more by the other bacteria of the system (by contact and by metabolites) than by the external medium (culture medium and vessel wall). This explains the astonishing stability of the microbial flora upon changes in diet in a monogastric host (34, 35) .
Miller and Wolin specialised in culturing anaerobic bacteria of the rumen, and they also attempted to culture the human faecal flora in a semicontinuous culture system, which imitated digestive transit more accurately than a constant flow system (32). This system was supplied twice daily with a suspension of particles derived from lettuce, carrots, celery and apple pulp. Despite the fact that some contact was allowed with air when the strictly anaerobic bacteria were transferred from the faecal sample, a self-regulating in vitro system was set up. The authors claimed that it resembled the human large intestine in two ways. Firstly, the dominant bacteria in the fermenter remained species of Bacteroides, with E. coli amounting to only 1 % of the bacteria, as in man. Secondly, the products of fermentation in vitro were acetate, butyrate, formate, propionate, methane and hydrogen, in amounts similar to those observed in vivo.
MATHEMATICAL MODELS
Is there a mathematical model which describes correctly the microbial ecology of the digestive tract ? Can such a model supply answers which cannot be obtained by other means?
Criteria for assessing the accuracy of a model
A suitable model consists of a collection of equations derived from simple hypotheses concerning biological mechanisms, as far as they are currently understood, in which numerical values attached to parameters correspond to physiological values measured in vitro or in vivo. Mathematical resolution of the model (if it is a simple one), or numerical simulation by computer provides numerical results for bacterial densities or concentrations of chemical substances, which can be compared with those obtained by experiment. The model is judged to be accurate if the kinetics of the data with time (e.g. growth or elimination of a bacterium), and the response of the system to various changes (e.g. slowing of digestive transit or increased concentration of a substrate) are the same in both actual and mathematical systems. The model should be updated in accordance with new knowledge, or in cases where it fails to reproduce the response of a biological system to a new experimental alteration.
In vitro systems studied with the aid of mathematical models
Monod developed a theory for the growth of a strain in continuous culture within a chemostat, as governed by the concentration of a limiting factor and the rate of renewal of the medium (33) . Since then, all users of fermenters, whether for research or industry, have applied Monod's equations to predict the yields of cells and metabolites, with regard to culture conditions and the intrinsic properties of the strains. This model, which is easy even for non-mathematicians to understand, is described in an Appendix to this review. The mathematical system incorporates all known data for growth in a chemostat, and the prediction curves are numerically the same as those observed experimentally (23) . This system also facilitates accurate simulation of the interaction between two strains in a chemostat (see Appendix). In this simple binary system, the model foresees that one of the strains will always be eliminated by the other. When this fails to occur in practice, then a different phenomenon is in operation.
Monod's model has been extended to other situations, including spontaneous mutations in a chemostat (36) , the "ecological" success of a mutant or a contaminant in a chemostat (39) , and the transfer of a plasmid between strains in vitro, either in broth (27) or upon a surface (42) . In the last-named cases, Levin has formulated a very simple hypothesis that bacteria must come into physical contact in order to exchange a plasmid, so that the frequency of transfer is directly proportional to the density of donor and recipient bacteria, and also to an intrinsic "fertility" factor. In other words, plasmid transfer follows the law of mass action. This simple model makes it possible to compare the rate of transfer of different plasmids more accurately than a simple measure of the frequency of conjugants in the culture medium. Fertility is an effect independent of the density of donor and recipient bacteria.
The creators of these models do not claim that events actually occur in the way explained by the model, but until there is evidence to the contrary, the models make it possible to calculate, predict and explain in a plausible manner that which does occur (33) . Many of the authors cited believe that certain natural systems could be used as models, but as far as I am aware, R. Freter was the first to apply successfully the equations derived from a chemostat to events in the digestive tract.
Examination of in vivo systems by mathematical models
Freter proposed that the mouse caecum be regarded as a chemostat, agitated by peristalsis, with a flow due to digestive transit. When a single strain of E. coli was inoculated into the caecum of an axenic mouse, it rapidly increased in numbers to reach more than 10 9 cells per gram of contents, at a growth rate of 2 h _1 (18) . When a complex flora of murine origin was then given, the number of E. coli decreased considerably, about 1000-fold, but the strain was not eliminated, in contrast to the rapid elimination of a strain of E. coli given to mice already possessing a complex flora.
Mathematical models provide a plausible explanation of these observations. The single strain was not at first limited nutritionally, and grew at its maximum rate. The complex flora, composed of strict anaerobes having a maximum growth rate much less than that of E. coli, became established and came to dominate E. coli numerically, because the bacteria were better adapted to the limited substrates, and were therefore better able to utilise very low concentrations of the substrates present in the caecum. In addition, Freter demonstrated in other experiments that the anaerobic bacteria produced hydrogen sulphide, which impaired the ability of E. coli to utilise low concentrations of substrate (17) . This explains why E. coli decreased in numbers (because of competition for nutritional substrates), but it does not explain why it was eliminated only when introduced after the complex flora. If the murine caecum acted as an ideal chemostat, those bacteria least adapted would be eliminated.
To account for this, Freter formulated the very plausible hypothesis that certain E. coli escaped the washing effect of transit by becoming attached to the gut wall, or by finding some other sort of shelter. In such a restricted niche, which might provide 100 to 10,000 "places", the E. coli was capable of multiplying, with some bacteria entering the gut contents. Such a form of attachment is very simple to model, and Freter proposed a model with more or less accessible "shelters" (at three levels), capable of simulating the kinetics observed in vivo. This refinement of Monod's model also offers an explanation of the persistence of subdominant strains in a digestive tract ecosystem, and the impossibility of a new strain to become established, for the "shelters" will be occupied already, leaving bacteria present in ingesta with no chance of becoming implanted permanently, even if their growth rate is greater than that of the bacteria already resident.
Similar models provide an explanation of interactions between two strains of E. coli in the digestive tract, and also the population levels of strictly anaerobic bacteria (from experiments conducted with Fusobacterium sp. and Eubacterium sp.). According to Freter, these provide a basis for a general theory of the microbial ecology of the intestine. Two strains in competition for a nutritional substrate can cohabit if the strain which is least capable of utilising low concentrations of substrate can partly escape the flow of digesta. This theory predicts that a given number of bacterial populations can cohabit provided that the ecosystem supplies an equal number of different substrates. It is conceivable that the gut could contain many hundreds of different compounds arising from the food, the host and the bacteria.
The same model of metabolic competition, complicated by the law of mass action of plasmid transfer proposed by Levin (27) , provides convincing simulation of the plasmid transfer observed in the intestine of animals and human beings (19) . In particular, these models can explain the apparent "inhibition" of plasmid transfer of unknown cause, observed in vivo. Plasmids having a high rate of conjugation in vitro seem to cease conjugation within the animal intestine, which has suggested to some workers that the Bacteroides present in the dominant flora might produce a substance which inhibits transfer. The fertility of bacteria in the intestine, calculated from experimental data by using mathematical models, is similar to that measured in vitro under identical conditions of growth. In other words, the state attributed to a hypothetical inhibitory factor may be due simply to the density of conjugating bacteria in the intestine and their conditions of multiplication (6) .
We have applied a mathematical model based on that of Freter in order to explain the selective effect of subinhibitory concentrations of antibiotics in the intestine of mice harbouring two strains of E. coli, where one strain possesses a plasmid for antibiotic resistance. This theoretical model provides an explanation of how an antibiotic, in a concentration too low to produce a detectable effect on E. coli whether in vitro or in vivo, could select a resistant strain. It is sufficient for the antibiotic to kill some of the sensitive bacteria -which is compensated for by the growth of survivors when the sensitive bacterium is present alone -to enable bacteria carrying a resistance plasmid to supplant the sensitive bacteria in the long term (8) .
CONCLUSION
It would thus appear that in vitro, in vivo and mathematical models, used in conjunction, can reproduce the intestinal ecosystem. It will probably always be impossible to confirm that the models are identical to the original digestive ecosystem, but the use of models can provide explanations of phenomena which cannot be explained in other ways, as the following examples show.
1. The use of heteroxenic animals makes it possible to study bacterial populations of the flora, particularly the effect of various parameters (food, antibiotics, stress, infection) on such populations.
2. Continuous culture of a complex flora provides information on bacterial metabolism, because it overcomes the absorption, metabolism and excretion of substrates which occur within the host.
3. Mathematical models provide an approach to the mechanisms involved in the microbial ecosystem, provided that they are based on the two experimental procedures described above.
In fact, there are too many factors which influence the intestinal microbial ecosystem to be measured simultaneously in vivo. These factors have to be examined separately in experimental models, for example, in continuous culture in a chemostat, or in axenic animals. They are too numerous to be comprehended in a single system, particularly as concerns their quantitative relationships. We believe it is necessary to construct a mathematical model to estimate the relative effect of each factor. This has been done by Freter et al. (18, 19) , and the differential equations developed by this team will serve, unaltered or after modification, to test new hypotheses, to construct precise experiments and to propose plausible explanations of actual events.
Experiments done with models have shown overall that the principal mechanism which controls bacterial populations in the intestine is competition for nutrients. Numerous aspects of this ecology have still to be explored, particularly the nature of limiting substrates, before it becomes possible to regulate the flora in a favourable sense. * * *
APPENDIX
DESCRIPTION OF MONOD'S MODEL
Monod's hypotheses are very simple, for they are derived from the fact that in a chemostat containing a pure strain, the number of new bacteria formed in a unit of time (dN/dt) is proportional to the total number of bacteria (N). This seems to be obvious because the greater the number of "mother" cells, the greater the number of "daughter" cells. The number of bacteria increases by a factor specific to the bacterium, called the growth rate (ip), and diminishes with the removal of used medium which also contains cells, in an amount equal to the new medium added to the chemostat (Q). The equation for bacterial growth in a chemostat becomes:
If the growth rate were an absolute constant, an equilibrium would be obtained in the chemostat only when the flow of culture medium is exactly equal to the growth rate. This is not the case, for the chemostat reaches equilibrium within a wide range of flow rates, so the model would seem to be incorrect. However, Monod showed that in a non-renewed medium, the bacterial growth rate was a function of nutrient concentration. More precisely, in a medium containing all indispensable nutrients in excess, with the exception of one having a limiting concentration, the growth rate varies with the latter concentration according to a law expressed by the hyperbolic relationship:
where 'µ' is the maximum growth rate when the nutrient is present in unlimited amount, 'S' the concentration of limiting substrate and 'K s ' the affinity constant of the bacterium for the substrate, by analogy with the affinity constants of enzymes (Michaelis). The numerical value of 'K s ' is equal to the substrate concentration which permits a growth rate (\p) of half the maximum (µ).
Finally the system is completed by an equation for changes in substrate concentration ('S' in g/1), which of course changes in relation to the flow and to bacterial growth. In a given unit of time, the variation in substrate concentration (dS/dt) will be related to the flow rate (o) already mentioned, which brings new medium at an initial concentration 'S¡', and carries away used medium in a concentration 'S'; thus the variation is equal to (e x S¡) -(o x S). Bacterial growth consumes the substrate, reducing its concentration by an amount proportional to the The system as a whole is modelled by these three equations, two of which are differential. Starting from known initial conditions, which provide numerical values for time 0, N (bacterial inoculum), S¡ (concentration of limiting substrate in the culture medium) and Q (renewal rate in h _1 ), and using a strain for which µ (in h _1 ), K s (in g/1) and R (number of bacteria per g) are known, it is possible to calculate with precision the growth curve and the substrate concentration with the passage of time. Provided that the medium is correctly agitated during growth, the predictions of this model have been verified experimentally in every case.
Precise simulation is also possible for the interaction between two strains within a chemostat by incorporating equations corresponding to No. 1 and No. 2 for the second strain, which gives a five-equation system, having three differential equations. This system is too complex to be resolved mathematically, but it can be simulated numerically on a microcomputer. On every occasion when the constants are known, the curves predicted by the model have been verified experimentally. The equations used by Freter to simulate interactions in vivo are exactly the same, with adaptation of numerical values and parameters to suit conditions prevailing in the intestine. These systems provide plausible explanations, without resorting to complicated hypotheses, of phenomena which are inexplicable to common sense.
